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Abstract 
A method for an arithmetical elimination of superimposed interference fringe modulations in laser spectroscopic 
sensor signals has been developed. It is based on analyzing the harmonic components of the Fourier spectrum 
calculated from the measured signal. The technique is especially suited for remote measurements including fringes 
with unknown modulation frequency. The effectiveness of the method is demonstrated by comparison of the results 
with classic least-square calculations of the gas concentration signal. 
© 2012 Published by Elsevier Ltd. 
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1. Arithmetical elimination 
In optical gas sensing applications using a tunable diode laser absorption spectroscopy (TDLAS) 
sensor, optical interferences caused by parallel surfaces (Fig. 1, left) are often a limiting factor for the 
successful operation of the sensor. Different approaches have been proposed applying for example 
mechanical vibration of the lens in front of the laser [1] or a curve fit including a sine signal in the model. 
Using wavelength modulation spectroscopy (WMS) interference suppression was tested with modulation 
amplitudes adjusted to the frequency of the superimposed disturbing signal [2]. The first method needs 
moving parts in the system, which reduce the lifetime of the sensor, and needs an extended integration 
time for the signal. The other two approaches are only suited, if the frequency of the interfering 
modulation is known. 
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Fig. 1. Glass surfaces causing multiple reflections (left); Gas absorption line without (blue) and with (red and green) 
overlapped interferences (right)
In applications for sensing with a remote gas detection device, these methods are not applicable, 
because there is a need for a high measuring rate and the interference modulation period caused by e.g. 
two parallel glass surfaces (used in every window) is unknown to the system.  
We present a novel method for an arithmetically elimination of optical interferences in laser 
spectroscopic gas sensing devices. It is based on analyzing the Fourier spectrum of the received signal. 
Due to the fact, that the principle shape of the harmonic spectrum of an absorption line is known, it is 
possible to eliminate a single overlapping harmonic from the absorption signal measured by the system.
1.1. Measured Signal 
Fig. 1, right shows the received light intensity at the photodiode for the case, that the laser is 
modulated with a current ramp signal. The modulation changes the laser wavelength on the one hand, 
which is necessary to cover the whole absorption line, and the laser light intensity on the other. The blue 
trace is not affected by an interference, in case of the other two a Fabry-Perot resonator (Fig. 1, left) with 
different cavity lengths has been put in the optical path to create the sinusoidal interference modulations. 
The phase of the interfering modulation is not constant, but changes with very small drifts of the glass 
surfaces (µm range). These drifts are already caused by small room temperature changes. 
Gas concentration calculations are normally done with a least-squares fit to the measured signal. The 
attempt to use a line fit developed for an undisturbed signal would succeed for disturbing signals with a 
very high or very low modulation frequency. If the modulation period is in the range of the line halfwidth 
(approx. 0.1x – 4x halfwidth) it will surely fail. The solution could be a sine signal in the model for the 
least-squares fit, but for a remote sensing system in most cases the frequency is not known. A line fit for a 
sinusoidal signal with unknown frequency and phase is not very stable, because there are lots of local 
minima in the solution. For true gas concentration calculations a method is needed, which is stable against 
unknown frequency and phase of the disturbing modulation. A closer look to the signal shows, that it can 
be split in three parts, an offset and a ramp, the absorption line and the disturbing modulation. 
Absorption line: The absorption line could be basically described as a convolution of a Gaussian and 
a Lorentzian line shape, called Voigt line shape [3]. At normal atmospheric conditions the Gaussian part 
could be neglected. The Lorentzian line shape is described in Eq. (1).  
Arndt [4] gives an analytical description for the harmonic components of a Lorentzian line shape 
broadened by modulation (Eq. (2)). The absorption line signal is an even signal to the ordinate, hence 
there are no imaginary parts in the spectrum. The harmonic for n=0 is not of interest for further 
calculations. In a logarithmic scale the absolute values of the calculated spectrum lead to a decreasing line 
(Eq. (3)). 
f(x) = S / [1+(x/ȖL)2] 
|R{Sn(v0,m)}|=2S/[1+(m/ȖL)2]1/2 · [(1+(m/ȖL)2)1/2-1]n / (m/ȖL)n)   n>0 
 20lg|R{Sn(v0,m)}|=20lg{2S/[1+(m/ȖL)2]1/2} + 20n·lg{[(1+(m/ȖL)2)1/2-1]/ (m/ȖL)}   n>0 
(1) 
(2) 
(3) 
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with S the line strength, ȖL the line halfwidth, Sn the harmonic component, R{Sn} the real part of the 
harmonics, n the number of the harmonic and m the modulation amplitude. 
To get the description for the real absorption line also the light absorption in gas described by Beer-
Lambert law must be considered (Eq. (4)) [3]. In case of a low absorption the exponential term could be 
approximated by its first Taylor term and therefore Eq. (1)-(3) could be used. Considering the other 
necessary parameters for line calculation the real part of the absorption signal in common logarithmic 
scale yields Eq. (4)-(6). 
A(Ȟ)=exp(-Į(Ȟ) · c · l) § 1 - Į(Ȟ) · c · l 
20lg|R{Sn(v0,m)}|=20lg{2·S1(T)·c·l /[1+(m/ȖL)2]1/2} + 20n·lg{[(1+(m/ȖL)2)1/2-1]/ (m/ȖL)}    n>0 
S1(T) = 1.0384·1016·(296/T)(S(T)·p/ ȖL)
(4)  
(5) 
(6)
with T, p, c the gas temperature, pressure and concentration, S(T) the temperature dependent line 
strength, a(Ȟ) the absorption coefficient (Lorentzian shape) and l the absorption path length.  
Offset and ramp: The harmonic component of the offset is simply the value at the 0th harmonic. The 
ramp is a pure odd signal, only an imaginary spectrum part exists. It does not disturb the spectrum of the 
absorption line and is therefore not of interest for further calculations. 
Interference modulation: Two parallel glass surfaces form an optical resonator with a low finesse. 
The resulting modulation period length is described in Eq. (7) [5]. If the window width of the recorded 
signal is a multiple to the period length of the sinusoidal modulation, only one single peak is formed in 
the real and the imaginary part of the spectrum. In most cases this condition is not given. If the window 
size is not a multiple, there will be leakage effects in the spectrum, this means the spectrum is not a 
isolated peak, but is distributed to several harmonics. 
ȜI= Ȝ02/(2n·d) (7)  
with Ȝ0 the measurement wavelength, n the refraction index and d the distance between the glass surfaces. 
1.2. Elimination technique 
In the real part of the spectrum (logarithmic scale), there is a superposition of the decreasing line caused 
by the absorption line and the peak of the interference modulation. The key part of the method is to find a 
window size, which is a multiple to the modulation period. In this case leakage effects are avoided, the 
spectrum exhibits an isolated difference of the straight line (Fig. 3, left). If there is only one isolated 
difference to the straight line, this value could be interpolated and the absorption line without interference 
could be calculated by inverse Fourier transformation. To get an isolated peak an algorithm calculates the 
Fourier spectrum of the received signal with different window sizes and determines the standard deviation 
of all harmonics to the fitted straight line (beside the one with the highest deviation). The standard 
deviation is an indicator for the amount of the leakage effect (Fig 3, right). The window size, which is 
closest to a multiple of the interference modulation, is the one with the lowest standard deviation.  
Fig. 3. Spectrum of the absorption line superimposed by interference modulation. No leakage effect (left), leakage 
effect (right) 
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For example, one of the two interfered signals of Fig. 1 is analyzed. First the algorithm calculates the 
spectrum with all points and determines the standard deviation. Then, the first and the last measurement 
point are left out and the spectrum as well as the standard deviation are calculated again. Now again the 
first and the last point are left and the standard deviation is calculated and so on. The window size with 
the lowest standard deviation is the one searched for. The isolated peak is replaced by an interpolated 
value and the absorption line is calculated by inverse Fourier transformation. A simple least-squares fit 
with only the absorption line in the model is applied to calculate the gas concentration. 
2. Results and conclusion 
Fig. 5. Gas concentration calculations with least-squares-fit with (blue) and without interferences (green) in the model 
and with the described interference elimination method 
Fig. 5 shows the results for gas concentration calculation for oxygen in the air (approx. 20.7 %vol) 
with three different methods. The blue trace is a standard least-squares fit without interference in the 
model, the green one includes the interference. The red line represents the result of the described 
interference elimination method. The sections 1-4 in the picture indicate interferences with different 
modulation periods (4-, 2-, 1- and 0.7-times the halfwidth of the line) and an amplitude in a similar range 
as the amplitude of the absorption line. In the sections between, the interference was removed to get 
reference measurements. The standard method follows the phase change of the applied interferences, as 
anticipated. The result of the fit with the sine signal in the model is totally off the true concentration, 
because it is not able to handle the interferences with unknown frequency. The presented interference 
elimination technique shows quite good results for the concentration. 
The paper describes a method to calculate the gas concentration of an absorption line signal disturbed 
by interference modulations. Especially for interferences with unknown frequencies, which are not 
manageable by a least-squares fit at all, it supplies very good results. Basically it is intended for remote 
gas concentration measurement where superimposed interference modulations may change rapidly. 
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